Glutamine synthetase gene expression in the lungs of endotoxin-treated and adrenalectomized rats.
During sepsis, the lung responds by exporting increased amounts of the amino acid glutamine. This response is accompanied by increased enzymatic activity of glutamine synthetase (GS), which catalyzes the synthesis of glutamine from glutamate and ammonia. It is also known that GS expression in the rat lung can be induced by glucocorticoid hormones. To determine whether the septic response and the response to glucocorticoids are related, we have characterized the induction of GS expression during lipopolysaccharide (LPS)-induced endotoxemia in normal, neutropenic, and adrenalectomized rats. Normal rats exhibited a time- and dose-dependent induction of GS mRNA levels after a single intraperitoneal dose of LPS. Responses to LPS were maximal at doses of 0.1 mg/kg body wt and above. A single 10 mg/kg body wt dose of LPS led to a rapid, transient sevenfold increase in GS mRNA (P < or = 0.1) and a twofold increase in GS protein level 8 h postinjection. Induction of lung GS mRNA 4 h after LPS injection was approximately fivefold in neutropenic (P < or = 0.1) and fourfold in nonneutropenic control rats (P < or = 0.1), suggesting that infiltrating neutrophils or neutrophil-derived factors are not required for GS induction. In response to high-dose, short-term endotoxemia, adrenalectomized rat lung GS mRNA increased twofold (P < or = 0.02) compared with sixfold in sham-operated control rats (P < or = 0.02). However, in response to low-dose, long-term endotoxemia, adrenalectomized rat lung GS mRNA increased threefold (P < or = 0.02) compared with fourfold in sham-operated control rats (P < or = 0.02). Adrenalectomy did not affect the elevation of lung GS mRNA levels in response to dexamethasone. In addition, GS mRNA was induced four- and sixfold in rat microvascular pulmonary endothelial cells exposed to plasma from control and septic rats, respectively. The addition of a glucocorticoid antagonist, RU-38486, completely blocked GS gene induction in the presence of control plasma but only attenuated the response to plasma from septic animals by 30%. These results suggest that GS gene induction during sepsis is only partially mediated by adrenal-derived glucocorticoid hormones.